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Abstract: The Redshank is a wader species that shows no sexual dimorphism in plumage, but some dimorphism in size. To propose a
method for sexing birds of this species by linear measurements, a discriminant function analysis was applied to a set of morphometric
traits in birds captured during the spring migration in southern Belarus. In total, 113 males and 75 females were measured and sexed
molecularly. On average, females were larger in all measurements than males. The most sexually dimorphic trait was wing length, which
was included in the discriminant function analysis. Jackknife cross-validation showed that the provided equation allowed the correct
sexing of 67% of birds (81% of males and 52% of females). When identifying birds with this discriminant function, values lower than
-0.96 indicated males, while those larger than 1.17 indicated females. This allowed the correct sexing of 95% of birds of each sex. The
presented discriminant equation may be successfully used for sexing Redshanks when blood sampling is not possible, and could be
applied to samples collected in the past, providing the opportunity to re-examine results of previous analyses.
Key words: Sexing, sexual dimorphism, discriminant analysis, shorebirds

1. Introduction
The possibility of sex identification of birds has substantial
importance for studies on different aspects of bird
behavior (Mathot and Elner, 2004; Saino et al., 2010),
migration phenology (Meissner and Krupa, 2017), and
foraging strategies (Nebel, 2005). However, among waders,
there are many species that exhibit very weak or even no
plumage dimorphism between the sexes, but that differ
in size, and this allows the efficient identification of sex
by discriminant analysis (e.g., Meissner, 2005; Sikora
and Dubiec, 2007; Hallgrimsson et al., 2008; Meissner
and Pilacka, 2008). For the Redshank (Tringa totanus),
this sexing method was performed according to data
from a local breeding population from southern Sweden
(Ottval and Gunnarsson, 2007), where birds could be
sexed efficiently with an accuracy rate of 81%. However,
the equation provided in this study included body mass,
which exhibits substantial seasonal changes, varying
greatly during migration (Zwarts et al., 1990; Meissner
et al., 2011), moult (Zenatello et al., 2002; Fox and King,
2011), egg production, and incubation (Langseth et al.,
2001; Jamieson, 2012), and which remains under the
influence of weather conditions (Kelly et al., 2002; Robson
* Correspondence: w.meissner@ug.edu.pl

and Barriocanal, 2008). This is why body mass is usually
omitted in discriminant analyses when data outside the
breeding season is taken into account (e.g., Palomares et
al., 1997; Sikora and Dubiec, 2007; Jiménez et al., 2015).
Hence, in this study, we propose a method for sexing
Redshanks by linear measurements only, which may be
applied not only in future research, but also to sex birds
already measured in past studies.
2. Materials and methods
2.1. Field work
Redshanks were caught in walk-in traps and mist-nets in
the floodplain meadows of the Pripyat River in the vicinity
of Turov, Gomel Region, Belarus (52°04′N, 27°44′E),
which is an important stopover site for waders during
seasonal migrations (Meissner et al., 2011; Pinchuk and
Karlionova, 2011). The field studies were conducted over
4 spring seasons, from 2006 to 2009. The fieldwork was
carried out from the end of March to the middle of May.
This period covered almost the entire spring migration
season of Redshanks in the area (Pinchuk and Karlionova,
2011). All birds caught were measured, and the following
morphometrics were recorded: wing length (maximum
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chord method), total head length, bill length, nostril
length, tarsus length, and tarsus plus toe length (Busse and
Meissner, 2015). Approximately 50 μL of blood was taken
from the branchial vein and preserved in 70% ethyl alcohol
for further laboratory analysis. In total, 188 birds were
caught, but not all measurements were taken from each
individual. Therefore, the sample sizes differed in specific
measurements. More than 90% of all captured Redshanks
were measured by 2 authors (PP and NK).
Blood samples were taken at the Turov Bird Ringing
Station under permits from the Ministry of Natural
Resources and Environmental Protection No. 700 from 2
June 2006.
2.2. Laboratory work
DNA was extracted from blood samples using a Blood Mini
DNA kit (A & A Biotechnology, Gdynia, Poland) following
evaporation of ethanol, and the W- and Z-linked sequences
were amplified with 2550F and 2718R primers (Fridolfsson
and Ellegren, 1999). The thermic profile included an initial
denaturation step of 94 °C for 2 min; followed by 40 cycles
of 94 °C for 30 s, annealing at 50 °C for 50 s, and elongation
at 72 °C for 2 min. A final elongation step was performed
at 72 °C for 5 min. Each 16.5-μL PCR sample contained 3.2
μL of DNA, 0.8 μL of 25 mM MgCl2, 3 μL of sterile filtered
water, 1 μL of 10 µM of each primer (2550F and 2718R),
and 7.5 μL of Sigma REDTaq Ready-Mix (Sigma-Aldrich).
Final PCR products were visualized with a 2% agarose
gel stained with Midori Green (ABO, Gdańsk, Poland)
following 60-min-long electrophoresis at 85 mA and 300 V.
In total, 113 males and 75 females were molecularly sexed.
2.3. Data analysis
Sex differences in mean measurements were checked by
Student’s t-test. The size dimorphism index (SDI) was
calculated according to Lovich and Gibbons (1992) to
provide the measure of sexual dimorphism, where greater
sexual dimorphism was indicated by a larger SDI value, and
a negative value was assigned to measure the larger males.
Stepwise discriminant function analysis was conducted to

determine which set of variables best classified the sex of
the birds. The inclusion of a measurement in the model was
based on the Wilk’s lambda ratio with minimum partial F
to enter the model equal to 3.84, and the maximum partial
F to remove from the model was 2.71. Similar to other
studies (Sikora and Dubiec, 2007; Ackerman et al., 2008;
Gates et al., 2013; Meissner and Krupa, 2016), a priori
classification probabilities were set as equal for both sexes
(P = 0.50). Despite the presence of a slightly male-biased sex
ratio in the sample, we did not adjust the prior probabilities
for the analyses, because we did not have prior knowledge
of the sex ratio in the population. Discriminant equations
presented in this paper are based on unstandardized
canonical discriminant function coefficients, where D
< 0 indicates a male and D > 0 indicates a female. The
validation of a given discriminant function was conducted
with the jackknife procedure, where each single case is
classified using a discriminant function based on all other
cases except the given one. The statistical analyses were
performed using Statistica 12 software with additional
Statistica Macro File (SVB) for the jackknife procedure,
downloaded from http://sdn.statsoft.com.
3. Results
Females were larger than males in all measurements except
those related to the length of the leg. The most sexually
dimorphic trait was wing length, followed by bill length,
while the least dimorphic traits were tarsus and tarsus plus
toe lengths (Table). However, considerable overlap even in
the wing length occurs between sexes, and individuals with
wings shorter than 156 mm can be determined as males
and those with wings longer than 167 mm as females.
Using this criterion, only 12.5% of Redshanks in the sample
could be correctly sexed (Figure 1).
In the stepwise procedure, only the wing length (WL)
was selected, producing the equation for calculating the
discriminant score:
D=0.267WL-43.416

Table. Comparison of mean measurements (in mm) of males and females of the Redshanks captured in southern Belarus.
The size dimorphism index (SDI) is given for each trait.

Measurement

2

Males
Mean

Females
SD

N

Mean

t-test results
SD

N

t

P

SDI

Total head

74.31

2.12

112

75.16

1.85

75

2.85

0.005

0.011

Bill

41.80

1.87

103

42.50

1.53

70

2.60

0.010

0.017

Nostril

32.04

1.61

112

32.52

1.38

74

2.11

0.036

0.015

Tarsus plus toe

86.6

2.97

113

86.7

2.99

75

0.08

0.939

0.001

Tarsus

51.96

2.25

113

51.82

2.18

74

0.42

0.676

–0.003

Wing

161.2

3.73

111

164.4

3.77

73

5.69

<0.001

0.020
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Figure 1. Wing length distribution of male (black bars) and
female (gray bars) Redshanks caught in southern Belarus.
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The jackknife cross-validation showedthat this formula
allowed the correct sexing of 67.6% of birds (81.1% of
males and 52.1% of females). Using this equation for
sexing Redshanks would produce a male-biased sex ratio,
because 63% of birds from the overlapping zone would
be classified as males. If identifying birds with D < –0.96
as males and those with D > 1.17 as females, only 5% of
males and 5% of females will be misclassified (Figure 2).
Hence, these 2 border values are recommended for further
studies.
4. Discussion
In the Redshank, females are larger than males, but there
is quite considerable overlap in the ranges of almost all
measurements (Glutz von Blotzheim et al., 1977), which
was also shown in this study. Only in the case of the 2 least
dimorphic traits, i.e. tarsus and tarsus plus toe length,
did the mean values not differ significantly between
sexes, and this was also found in Redshanks breeding in
southern Sweden (Ottval and Gunnarsson, 2007) and
in other wader species, like Jack Snipe Lymnocryptes
minimus, Eurasian Woodcock Scolopax rusticola, and
White-rumped Sandpiper Calidris fuscicollis (Sikora and
Dubiec, 2007; Scherer et al., 2014; Aradis et al., 2015).
Redshank characteristics related to resource use (bill
length, nostril) are more sexually dimorphic than those
related to locomotion (tarsus and tarsus plus toe length).
Hence, in this species we can expect sexual differences in
the foraging niche, which might lead to spatial segregation
of males and females during foraging, as in other wader
species with similar differences in bill length between
sexes (Nebel et al., 2000).
In the subfamily Tringinae, sexual dimorphism is
rather weak, and considerable overlap of morphometrics
occurs between the sexes. This overlap results in lower sex
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Figure 2. Distribution of the discriminant score D calculated for
males and females sexed molecularly. Gray and white bars are
for correct and incorrect classifications. Dashed lines show D
border values of –0.96 and 1.17, which allowed for 95% of correct
classifications of males and females.

classification accuracy rate of discriminant functions than
in other shorebird families—for example, 76% in the Wood
Sandpiper Tringa glareola (Remisiewicz and Wennerberg,
2006) and 77% in the Common Sandpiper Actitis
hypoleucos (Meissner and Krupa, 2016). The Redshank in
this study shows the lowest sexing accuracy rate of 67.6%,
somewhat lower than the 71.3% found in the southern
Swedish breeding population (Ottval and Gunnarsson,
2007). One reason for such a low sexing accuracy may
be that the 2 groups of Redshanks exist within a breeding
area inhabited by the subspecies T. t. totanus. Those from
the northern part of the breeding area are smaller than
others (Glutz von Blotzheim et al., 1977; Meissner, 1999).
As individuals from both groups can be caught during
the spring migration in southern Belarus, this may have
resulted in lowering the effectiveness of sexing by the
discriminant function, as was described in the case of a
mixed group of different subspecies of Dunlins (Calidris
alpina) (Gates et al., 2013).
The possibility of identifying the sex of Redshanks
could be useful in different studies on ecology, behavior,
migration, and conservation of this species, which in
Europe has shown a moderate decline in the breeding
population between 1980 and 2013 (EBCC, 2015).
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However, to limit the misclassification error, individuals
with a discriminant score D between –0.96 and 1.17
should be treated as unsexed. If using these recommended
border D values for the 962 adult Redshanks captured
and measured in spring in southern Belarus and 78
birds caught in spring 2012 near Odessa, Black Sea coast
(authors’ unpublished data), respectively 55% and 54% of
individuals would remain unsexed. Hence, a large sample
of measured Redshanks is needed to find significant
differences between sexes, as was shown for the Common
Sandpiper (Meissner and Krupa, 2017). Furthermore,
second-year Redshanks usually have heavily worn

primaries in spring (Glutz von Blotzheim et al., 1977),
which may lead to the underestimation of the wing length
and a subsequent increase of incorrectly sexed birds.
Thus, individuals with worn outermost primaries should
be excluded from analysis and the proposed equations
should be used with caution.
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